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(57)Abstract: 



PURPOSE: To realize a display having an effect through mutual 
position relation between display graphics such as a shaded 
display or a logical arithmetic display of a shape with a 
hardwave in comparatively small scale at a high speed in the 
case of three-dimensional graphic display. 

CONSTITUTION: A CPU 1 generates the information of position 
relation at the time of observing the display graphics in the 
direction of a light source excepting for a viewpoint, and a 
rendering processor 7 stores this information in an expanded Z 
buffer 1 1. In the case of really performing display from the 
original visualpoint. the address of the expanded Z buffer 
corresponding to plotting picture elements is calculated by using 
the address generating means of the rendering processor 7, and 
the information stored at this address is read out. Based on this 
information, the rendering processor 7 controls a plotting 
method and performs the shaded display or the logical 
arithmetic display of the shape. 
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[0073] £«&<bii. »#fcj:y#&*ifctt 

7 778 ®^#&#1tlffi©#£&#!&CD 

So 

[0 0 7 4] TV:*-TV*-t/3>A'y77 7 6&, 2$ 
S7~U>Kg|S7 4<&ffi7J&7l/-.AA>y778, ZAy 
779, fl£5gz,'W7 7 1 l^m^iMitzib<DJiyy7 

CD7 U-AAy 77 8^Z;<«y 77 9 CDflt&fiBff 

[0 0 7 5] 7P-A,/t>y77>f^7i-^7 71*, 
DDAfflS7 3fre>HltffiB (Xd, Yd. Zd) {C«fcy, 
7 7 7 8 fe<fct>*Z/ty 77 9 ©gt^Sffiffi 

<Dte&, *-J/a>;t«y777 6{Cfl5tUi& 

tf. S£, f^f-f*-S/a>;^777 6ftGM!$a?& 
<6lr*ttZffig{&, 7U-A;<y77 8&£V*W:ZAy7 
7 90^a©^ffC^Siit/. 
[0 0 7 6] 71/-M>y77-f^7i-X7 
7{±, DDASP7 3^6ffi±$^S^^^^g 
(s, t) iz^V'r^^^Ayvr l OCD^TKU 
7,£EHit, iif3SZ/1y 777 (U, V) fciVfiSg 
ZA<y77 1 10>iiI£§e#£U V-^77 7 5{C 

[0 0 7 7] £WC, U>^U>7°n-feyir7©^|J<D 

[0 0 7 8] H4fC, DDA8P7 307*n'>i?0S:^ 
f. 

[0 0 7 9] DDASP7 3{£, (1) XdYdJ8DDA7 
3 1, (2) st«DDA7 3 2. (3) ZdMDDA 
733, (4) RGBafflDDA734, (5) x^y 
ezMDDA 7 3 5, (6) w ez £JDDA7 3 6, (7) 

^^§7 3 7*j:tf (8) mmmi 3 Srt^fcS. 

(b) vyl^^Sx?:*^©^;*?^^?^ 

(c) miwm<Dzjmm<ii<Dfcito. (<d r 

GBa (RGB)iigfc±tf38WaSVraffi) tti*©fc 

( e ) ±§2x ez y ez#D D A 7 3 5 *ve,iSgRSOSCg| 
7 3 8 tt&SgZ Ay 777K I/*, -Tfcfc-fcU V&gff- 
^fe«t>lCffl^e,*iS 0 ZZX\ ±IBxezyez«DDA 
7 3 5^iHfni7 3 8i)\ ftlzm^fzimZAy 
777 K l/*£j*MNi©-ie§l«lc*fc$. 
[0 0 8 0] ZL3T% WCUVflS«©W»K:fiV>T, S£ 1 



(8) W 6-1 500 1 7 

14 

»Z^v7T«M»EZC (xez, y eZ . z^, Wez ) 
©ei^Oxez, yez, w^DDAlCfc y^^ffifS-r* 
*e»*U 38£®58$£fi^£||fTLTjraZAy777 

[0 0 8 1] iCfcdlCLT, ^t^JS@flC^«i:«!S 

[0 0 8 2] ®5£, )JiK7'l/>Kg|S7 4©7"ny*E 

10 

[0 0 8 3] a$&7V>Kaj57 4tt, x**^£fifc«5 
7 4 1, a7*l^>K9$7 4 2, **l/-5/H >8P 

7 4 3, Zit|SfflJ7 4 4feJ:imggZ^8|J7 4 5*>e, 

[0 0 8 4] -r^^^^8l57 4 l-et±, V-*/t»/ 
77 7 5 (®3#ffiO frbaTrtZ+VT-Zt. DD 
A8P7 3 (®3#J$) ^e><DRGBa)i5SS^©^5fe 
(CJrUflteU a7*l/>K9J7 4 2fo&5. 

[0 0 8 5] et7'U>KiJ74 2X'\t* t*Wa7*U 

20 >k«?7. -r^*?^, tt&RGBamm 

t. 7I/-M«y778 Ol3#fig) KlffltStlTV* 

SSlZAy7 7C?)-9->7"U>^CJ:Sx-f (*© 
&ggZ^fflJ7 4 5<^^C«k 

[0 0 8 6] 9**tf^U-^ 3 >i$7 4 3tt, ^fctf> 
30 £7***^1/-$/ 3 >flSIStff7. Bf®M£tf> 
fc*MCZ Jfc&8 7 4 4 ©fflTJfc, tt&i32SgZ Ay 
77 1 1 ?:^V^«t®©fe«){CfiiaSZif s !lfeg|J7 4 5®m 
7J&MWC, nM®ft&i^;fcjfcft&*gifcf?3. 

[0 0 8 7] ZJ£f&g&74 4tt, DDAiJ7 3T?^$ 
*VfcZ^©flli:ZAy77 9 (miSmiO fCfB«3^ 

9* * I/- i/ S >i$ 7 4 3 tC®3|CD#£ii# 

[0 0 8 8] fiaiZ^iJ7 4 51*, CPU1 (Hi 3 
40 #fi«) «fc»JI2«S*ifcfi«gZffi (eBE2§S88!ig#) i: 
Jfi3gZyW77l 1 (01 3#HB) ©ffiSrifcKU Zl© 
jg^fCfc »J, ^^^U-i/ 3 >glJ7 4 3 fCH^O^ 
^ii^dPihlr^Lfe y , a zfvy Kgp 7 4 2 \zMB. 

[0 0 8 9] 061C, ffi3®Z^iJ7 4 50Sfll3#leaS: 
^to JBagZ*JMg&7 4 5li, ^^SJSRZMi:fiJ3iZA 
^77 1 l±®# (•ffcfc-fe&SgzliD tSifc«i[t*& 
3gZMfcfc«ISl57 4 5 3, i©it«SI^&7^;i/*'J>y 

dSJCS^-rs) f SJ£88g£7.f 7 4 5 2, fc«fc 

so 74 *v>rtsnrz}tmimiz*v7z.**<<.v- 
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S/H>W74 3 (H5#JRD feSV>tta^U>KSP7 4 
2lC^£ffit-#!S¥!J}feSiS7 4 5 1 #e>j?fc5. 
[0 0 9 0] 8J35Zffitti$g|S7 4 5 31*. itg^&S 
&5iti& i E-Kt>'^:**74 5 3 a, ja£pZ/<y7r© 
JEiff^&^SMff^- KU2>*# 7 4 5 3 b, 
JiJSaZftS:^-rS*fe£fet3gZ^U^^ 7 4 5 3 c 

[0 0 9 1] td3SZffltfci^P7 4 5 3CD(mB<Z>fima. 

m 9 ^tc^-ti: e> y t-&5. bo s ©stc^a^- k* 
[0092] jtsg^- Ktcfi^Ttt. m&mzmum 

"0" ©fife, Z.ZX'l*g&lg&.mtW&ZtiZ-?Z>. 
[0 0 9 3] JOf*- KKfc^Ttt. ft<bm&&iZtm 

zA<v7Ta>mttm*&tb& m (1) tmzmtmk 
jtRwwE. (3) wmzmj&s&kmaw^zjiyy 

fc$&ffiffi?l9£©&ti>C!)%CZ>l*. JgBfU «fc 7 £?«1BIC 

[00943 jewe-Kfci/ctt, ^<D**cDfiin?^ 
-a-, oi"j7t«, raettaz-fflfc-r*, lswatt. 

5, l£tf*L§K, fc«fctf, hfy K5fg-f.5©6o© 

[0 0 9 5] J£8S^7.<;i/*74 5 21*, X-f U 7X 
R&ifc©fc«>, 7^WJ>^-KU^*74 52a 

ici8££*ifc=e- Kick y, *ffi*fiite>7^M y > 
yflyifeff?. r^-eii, 7<r*y>* , fcfj*>fcv% s E- 

fcff^-Kfcfctttt*. A— fe>r-s;?^~»f:7^• 
;^#y>^ ,r (Percentage closer filtering) {£, iSHH 
*K^JSf *#»Zrty 7r7 K UX©i£#©&gWg© 
jaaz^y^rWHiKOWRfclftyigUfTV^ 

[0 0 9 6] ZLdTli, ja&©MW@©JB3SZAy7r 
HMfPCDW. tt»Z/ty7r7Kl/*i:2£ 
moMS&Zrty 7 rm£0t^fr£®R||fe0>j!£3 

a = If * a t + (1-If) * a n 
[0 10 2] Ri:^L7t=<^^t»^^®(c«i: y, 
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(u, v) «. DDAi$7 3 m3mo *»e»flj*an 

^tfa8ZAy7T7Kl/^3WBf^lfcRLT^*. Q 
(U, V) OSS^H^Pij (©tfrfr) fre>©figg£p 
C*sp*W) r q tU B$&4lSfi©&# 

Bfai^Sr-e-tv-etu iij, ii-Lj, ii-x, 

mi 1©5£ (9) KjRLfefc©***. 
[0 0 9 7] >r?— fe>-r-^n— #74)1* V>ff 
10 (Percentage closer filtering) {Co^te, $4 

x-f y-7*xfl&. " \sy#Vyif 7>^xWU7 
xh$/-NrK7X 7-fX t^x vy7*x" , n>£ 
a-* y57Y«^^» I2 1i, 4#, 1 9 8 7*£ 
(William T. Reeves, "Rendering AntialiasedShadows 
with Depth Maps" .Computer Graphics, Vol.21,No.4,l 
987)&#fl8Sftfev\, 
[ 0 0 9 8 ] m 6 {CJtS £ % mtmfctil 7 4 5 1 »*. C 
PU 1 IC.J: y«ft*ivfe«Jfe«E- KUJ>** 7 4 5 1 a 
<*>$$&£> )Affi&&&7 4 )\>* 7 4 5 2 ©#;&©&#*£& 
20 «CJ:yftBi0F!tefc*?3. 3©#fe£i&&fC«i: y, 
1/5/FW7 4 2 (E35#Rg) fC*fLTliJB|®^fii&, 
9X*#^l/-S/3>8l$7 4 3 (E|5#f80 K^LTl* 

jgBWiys^$:j5iffif «. Eg 8 ©^{c^ u& & ? y & 

BZfltttfe- Kt bTtt, Jtfit^- KfcSWE- K£ 
MB**. 

[0099] nute- kti*. m&m&smtfm. 
i>\ zjt*«s7 4 4 (E35#Hso xtozmm&mzi. 

•J y >^ l/T»6*wfe*ft« 

W^SBfBU^X* 7 4 5 1 b©fil«fc y^fiiWffi!! 

[01003 SEWe-K^i*. 7-f^#y>irftL/®» 
5 1 coflw. ^fifesi^cttgtasii/i;^^ 7 4 5 1 d© 

&©iftcj:y % ^^^^74 ivmiffimtm. 

[oioi] 7^;i/*y>y^©^i4, 7^;u^»;> 
y ffi^o^fitoiMTSSS^r i/ ^ 7 4 5 1 coflii: 

BWH/^ji 7 4 5 1 dCDfitilStS^Lfe'fiire, JliS 
©S8SS:^T7. 7^;i/*y>^m7J©^fig 
fitt&If. XMffiU^dt 1 74 5 1 c©fita t > ^ 
U^X*2 74 5 1 &<m<* a £-f$t., >JC (1 0) {C 

»Lfe«4(*a^i/>hT»7 4 2»c«y,-flBEHBtr 

5. 

(1 0) 

[0 10 3] Sl07D^-V-hfCfeVxT, /t*l©ffl 

ax-r»y7"2 0 3{c«^T(i, i/>^y>^n-fey-y- 



(10) 
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[0 104] DDA«$73 (03#$O ICfcfc, JfflBXrt 

[0 10 5] zitg^7 4 4 msmo icii, Bfgmi 

[0106] tmzm&B7 4 5tci±, tiba*^;*-* 

(1) JttR ! e-KU$>**7 4 5 3 ®6#BB) fC "A 

y" an7#j80 , wcfimsigfe 

(2) 3£$T j e-Kl^X#7 4 53MC*fLT, ZAy 

"replace" , »*iOTZtffcOTZAy77lC»«& 

t«- KIC, -£tf>ftStf>#£tt "keep" 

(3) ^mm^mmmsm^nL. m&mzm 

1 5 3 

(4) 7Y;i/* ! E-KUS?^#7 4 5 2afC "74/1/* 

(5) WE- KUi>*# 7 4 5 1 a{C "SUt^- K" 
[0 10 7] £U:©J:i»ci/>ify>y5rn-fey*7Sr 

[0 108] 02 (a) £jaWvt* 2 - 1 fcaswo*. 

«BB^-y-y^2 i stcfe^T, uyxvytfyu-tyy- 

[0 10 9] DDA»7 3fC»*. ffiBftrf^mDa 

[oiio] zj**ai7 4-4ictt. HBn&3R£fcK£ 

[0 111] jBaRZfl&g»7 4 5KI*. #C<ZV>?^;*-* 

(1) JtJKFE— KUS?:*£ 7 4 5 3 afC "EQ" (07 

(2) JBIfe- Kl/5>** 7 4 5 3 b{C*fUT> ±T© 
#£{C" keep" fclgjg. 

(3) wmMM^mvmmm^mimmzmis 

i?*9 7 4 5 3 clC^Jg. 

(4) 7YM : E-KU^i!74 5 2at: ) "74/1/ 

(5) Jffifre- KU^* 74 5 1 a(C, "Uflifc^- 
K" 

[0 1 1 2] JBtJt©J:-5{CV>dfy>^D-fe-y'^7fe 
[0 113] 02 (b) tCjjVrA*2-2fC£lr*T8, 
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[0 114] DDAHJ7 31C&, M^^>«DlMfa>a 
©/W 

[0 115] ZJi3|fc»7 4 4CH B§i®?gi£#Bj£«:$}£ 

[oii6] taasz4HBSSP7 4 stcwu &<D<fce>ic/i7 

10 (1) J*K i E-Kl/^*7 4 5 31C" NE" % 

(2) 3BK ! e-Kl/S?X*74 5 3 b|C»LT, £T© 
*§£IC B keep" fcfgfe 

(3) *SiI^##^®^iiag!f§#^SZ^U^ 
* 7 4 5 3clCRfc 

(4) 74/l>*^-KU£?;*#74 5 2a{C" 74/l/# 
fcL" &8te. 

(5) flMFE-Kl/S;**7 4 5 1 aC" «ih«- K" 

20 [Oil 7] RhCO«fce)fCl/>f 'J>^yn-fey^7S: 

7r8JCfifE?li££|gf?Lfctfe>, J&©tfJ©8|S#'\©# 
LT&©*©4&#©$(£re, 

[0 118] &&. 74/l/*U>?'£f?e>f§£tt, 74 
/l/# : E-KU£?:*#74 5 2alC Vt-tf-^D- 
X7^W" fcfcfcU SDfc*- 7 4 5 1 a 

fC -»e- K" «ttU »f|tVS?X* 7 4 5 1 c 
K "1" , 2Ul/S>**74 5 1 dlC "0" MBEU 
30 Afe2--l©ffimHt©mk£. /*:X2-2©J}g*i:fc 

[0 119] «fc©J:3lcl-*::i:K:j:y, ;U2 
- 1 fcyta 2 - 2 £ fc-a?K££ffU WJMidBtfrftQt 

fc^T, IMZtffi|^7 4 5t:ft©J:7KttfebTSS 

(1) J&tFE-Kl/i?** 74 5 31C "EQ" , ?tet> 

*>-^mizmi&LLzm&*s>. 

(2) JOPe-Kl/SJ;** 74 5 3 MC*fLT, £T© 
40 Ig^lC "keep" «:B&rr«. 

(3) WMm&ftmomzm&m^ ^jjssz^ 

l/S?^# 7 4 5 3c IClSS-tS. 

(4) 7^^**6- Kl/S;^* 74 5 2alC, "74/1/ 

(5) flft*-Kl/S?^* 74 5 1 afC. 

(6) 8Httl/3?X*74 5 lclC'l" S:l2^-rs. 

(7) anvy** 7 4 5 1 die, m>*omi<m& 
50 ^fii, fet^ "o. 3" sbbtt*. 



(11) 
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[0120] fc£u z.om&. m>tp<mmz. 9m 
[0 12 1] wtwMKtmzrtv?T*m^ 

Ell 2fc^1\}:e>{c, jfcB*^fc<**i5B1§fGD 

^£&^^^ZAy77^cfc^vrW3ggi•esfc^\, t&fe 

x*r>yzn5z£\ztey % 8l&^e>JI;*.TV ^Sa- 
te, ^Sn?fc<«:S. fJfetot), 01 2T?ft«: 
BBWfcJIfcfc «fc U, RHWoafflWJW.* J: "iCft*^ 

[0 12 2] 3©J:e>{C. tt»ZAy7 77Kl/:%£rt 
M&feo;&m0£dKZsVy77K:j:»K 07£*B2© 

[0 12 3] tt»ZAty7TrKl/^*J*MWI 

{CDDASP7 aK^tLT/t^-dffc^**^ 71/- 
y 7 r © T K * £*S3BZ A>y7r7Kl/ 

x$>z>, 

[0124] ftfi, ±EiatWT?»i. fflnmcjtts-r 
*fcfw&*-*©»c ass 

z Ay 7 r mm&±T-x rtyatmaHtfr &4flQK: «fe U 30 
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©aaez ; w 7 t 7 k u*fre>ti0gfcttN lt%&v \, 
fe*fe*u &m&*&<. ±Megmmmk±.\zt^x 

[0 12 5] 

[01] i^gH&7t0?§^#|i£&jj<i-7n-*-*- 
h©0. 

[02] i^&H&7fi0?g&3%#SE& a* 1 *- 7n-ft- 

h©0. 

[03] l/>*U;/7"nizy-9-tf>7*ny?0. 
[04] DDAaJ©7*n^^0 o 

[05] mmzfi'ymwfnyvm, 

[06] tmznmwizruytm. 

[073 jaagzffiojtia^E- K^t^sr^m 

[08] t^Z^fe^- K&nt-f3l£jS1-0„ 

[093 jaaszAy^rjegf^-K^-rjg&^m 

[010] j^fS^^5S©!5i^0 o 

[0ii] #&&fm<D~7 <<*v> yojmDmm 
0. 

[012] j^aummsmatwi®. 

[013] A0£ft7"D y # 0„ 

HW0BW!] 

1-CPU, 2-^^EU 
8-71/-A/ty7T, 



C, 13-^:1*. 



$/*-f-i»;t*1K», 3-£ 

9-ZAy77, 10—f 
1 lH&tSRZAy7T, 12-DA 



[07] 



7 ) 



Jfc ft * - K 


* n « » 


AN 




LT 




LE 




EQ 


i 11 


6E 




6T 


*3£&a Z It >tt» Z /< y 7 7 <7>tt5* z a 


AY 
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mi) 



110] 



(110) 



o y y tr > >r 



mm m*nn 



—200 
^201 
-202 

^203 



-204 



IOO i 




(03 ft* 



VRC 



[EI8] 



* 2 tt5IZtt*ij£t - F (08) 


« JE ^ - h' 




W Jt * - K 




SB*- K 










Jt Sr * - K 


ft £ 


keep 




clear 




replace 




inert 




deer I 




Invert 
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(a) 



1. 



~ 210 



I 



^212 
.213 



— 214 



-215 



216 



(b) 



/«2-2 



**<Dttjftr&«R» —220 



I 



-221 



-222 



^223 







■^224 














-225 


^^JL^r226 



(14) 
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[S3] 



r - - - 



71 

7 

/< 
-f 

9 

7 

i 



72 



73 

_L_ 



DDA * 



RGBd,Zd 




-76 



7 

V 

7 



7 
U 
I 

A 

'/ 
7 
T 
4 
> 
9 



7U-A 
Z /t y 7 7 



***** 

/t/7 T 

tttt 



Ml 1] 



[012] 



o 



o 



o 

Pt+».J 



O 



O 



o 

P'tJ»2 



o 

Pi+l,J»2 



I-(l-P)(l-q)H,i+P(l-q)II,j*i + 

(l-P)q Il-i f J*PqD-i,j-i — SC(?J 



(a) nHHi.ti 




. — 4na 



na 



(6) nBie»BtuMaB«fi 



(15) 
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[04] 



D D A«yDv9B(SI4 ) 

73 



XdYd * DDA 
»,t « ODA 
Zd ffi ODA 
R,6,Bd W ODA 



XezYtz * DDA 
Mtoz « DOA 

/<9> — * 



Xd.Yd mm 




736 



738 
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[05] 




DDA 
2d 



CPU 



742 



T 



744 

_1 



kHz 

~T~ 

745 



S74 



KM 
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6 ) 



mm*- k — 



fi£9 Z/\y? 7 CD 



Mr*- H 



745 



i 



■-j-7451 



I 



tea z Mitts*? 
l»a&»zttu£;^» H 7453c 



7452 



-47453 



(18) 

ai 3] 
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CPU 



14 



a * mm 



3 



9-- 2ny7 7 
II--- te«2/ty7r 

4 

J 



6 



y >y 



OAC 




8 



12 



3 



13 



